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TITLE OF THE INVENTION 
[1] We, Shivshankar Sundaram, a citizen of India residing at 153 Garden Brooke 
Drive, Madison, Alabama 35758; Balabhaskar Prabhakarpandian, a citizen of India 
residing at 104 O'Riley Court, Madison, Alabama 35758; Vinod B. Makhijani, a citizen 
of the United States, residing at 6 Oakwood Dr., Guilford CT 06437; and Andrzej J. 
Przekwas, a citizen of the United States residing at 716 Tannahill Dr., Huntsville AL 
35802, have invented a new and useful "Spacer for Delivery of Medications from an 
Inhaler to Children and Breathing Impaired Patients." 

[2] A portion of the disclosure of this patent document contains material that is 
subject to copyright protection. The copyright owner has no objection to the 
facsimile reproduction by anyone of the patent document or the patent disclosure, 
as it appears in the U.S. Patent and Trademark Office patent file or records, but 
otherwise reserves all copyright rights whatsoever. 

CROSS-REFERENCES TO RELATED APPLICATIONS 
[3] Not Applicable 

STATEMENT REGARDING 
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

[4] Work on this invention was performed under NIH Grant R44HL64500-03 

titled "Development of an Improved Pediatric Spacer for Inhalers" during the period 
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May 2000 through November 2000 and from October 2002 through the date of 
filing. Accordingly, the U.S. Government may have rights in the invention. 

REFERENCE TO SEQUENCE LISTING OR COMPUTER PROGRAM 

LISTING APPENDIX 

[5] Not Applicable 

BACKGROUND OF THE INVENTION 
[6] The present invention relates generally to devices for use in orally dispensing 
medication using an inhaler. More specifically, the present invention relates to 
spacers used for facilitating the delivery to pediatric and breathing impaired patients 
of medication dispensed from an inhaler. 

[7] Medications are commonly dispensed from pressurized metered dose inhalers 

(MDI) to deliver the medication directly to the lungs of a patient. Spacers are used 

for transporting the medication from the spray outlet of the MDI to the patient's 

mouth. The spacer is intended to increase the effectiveness of drug delivery to the 

deep lung regions of the patient primarily by decelerating the drug spray before the 

spray enters the patient's mouth. The spacer will also reduce the size of spray 

droplets (by evaporation) and trap larger particles in the spacer. This will reduce 

the need for hand-breath coordination and allow for multiple breath inhalation 

therapy, thereby improving the overall delivery of the medication dose to the lung. 
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These factors are particularly important when trying to effectively provide 
inhalation therapy to children and to patients with breathing impairments. 
[8] The quantity, size, and velocity of the drug particles that exit an inhalation 
spacer are affected by dynamic interactions between the spacer, spray properties, 
and airflow. Unfortunately, in conventional spacers, as much as 50% of the 
medication is lost before delivery to the patient because of inefficient design of the 
spacer itself. For example, high-pressure, recirculation zones are created near 
sharp corners in the spacer. These recirculation zones trap spray particles and 
provide increased time for particle deposition on the spacer walls such that they are 
not delivered to the patient. Also, while it is known that medication particles 
having a diameter in the range of 3-5 microns are desirable for delivery to deep lung 
tissue, conventional spacers do a poor job of consistently delivering particles of this 
size. This is because existing spacer designs do not effectively control the heat 
exchange rate and the length of time that the medication particles remain inside 
the spacer, factors which directly affect particle size. Finally, prior art spacers 
typically include air inlets at the upstream (spray discharge) end near the 
mouthpiece but they cannot maintain consistent flow energy. All of these factors 
will cause undesirable deposition of the medication droplets in the oro-pharyngeal 
region of the patient. The inefficient delivery of medication to the deep lung results 
in either under-medication of the patient or the waste of expensive medications. 
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[9] U.S. Patent No. 6,367,471 discloses an internal vortex mechanism for an 
inhaler device. More specifically, vortex generators positioned within the wall of 
the conduit and in fluid communication with air inlets for receiving ambient outside 
air, provide the inner wall of the conduit with a circumferential-swirling turbulent 
boundary layer flow to minimize impaction of the medication on the inner surfaces 
of the conduit. The inhaler device shown in Figure 1 of the patent contains only one 
chamber. The apparatus also includes a medication dispenser supported in the 
housing and adapted to dispense a dose of aerosolized medication into the conduit, a 
plurality of air inlets positioned on the outer surface of the conduit and a plurality 
of vortex generators positioned within the wall of the conduit downstream of the 
medication dispenser. Each vortex generator includes a first generally pyramid-like 
portion having an apex and an open base forming an outlet located on the inner 
surface of a second generally pyramid-like portion having an apex and an open base 
in fluid communication with a corresponding air inlet. 

[10] U.S. Patent Application Publication 2002/0121275 discloses an aerosol 
enhancement device. More specifically, the aerosol enhancement device displayed 
in Figures 1-6 provides a single chamber. The air inlet port is positioned centrally 
with respect to the spacer. 

[11] U.S. Patent No. 6,234,169 discloses an inhaler. The inhaler provides a 
conduit defining an air flow path extending between the first end and the second 
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end and an orifice in the chamber between the first end and the second end, the 
orifice utilizing the Coanda Effect when the reservoir is in air flow communication 
with the chamber and upon inhalation by the individual to draw medication from 
the reservoir. As seen in Figures 1-6, the inhaler has only a single chamber with 
the positions of air inlet shown in the Figures. 

[12] What is needed, then, is a spacer and method of use thereof for the efficient 
delivery of medication from a metered dose inhaler, through the spacer, and into the 
patient. Such a spacer would be easy to use and substantially improve the delivery 
of medication to the patient's lungs. 

BRIEF SUMMARY OF THE INVENTION 
[13] The design of the spacer of the present invention effectively channels the spray 
down the centerline of the spacer and limits contact between medication particles and 
the walls of the spacer (deposition). Further, the spacer of this invention minimizes 
the formation of any adverse recirculation zones that trap medication particles within 
the spacer. Rather, by a careful and novel design, the present invention creates and 
takes advantage of high-pressure recirculation zones that tend to force the medication 
spray away from the walls of the spacer and into a preferred, central spray pattern. 
Consequently, the spacer of the present invention delivers a higher percentage of the 
medication to the deep lung regions of the patient. 
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[14] To accomplish this, one embodiment of the spacer of the present invention 
includes a first conical body joined to a second conical body, forming a continuous 
spray conduit through first and second internal chambers of the respective first and 
second conical bodies. A mouthpiece is formed in the small diameter (proximal, 
downstream) end of the first conical body. A spray inlet for attachment to an MDI or 
similar device is formed at the large diameter (distal, upstream) end of the second 
conical body. A plurality of air inlets are placed downstream of the medication inlet 
proximate to, or in, the large diameter distal end surface of the first conical body. 
During use, high-pressure air recirculation zones are created in the first and second 
chambers, near the spray inlet and the air inlets, and an air jacket is created along 
the inner surface of the wall of the first conical body. This forces the medication spray 
through the spacer into a defined airflow path through the spray conduit, minimizing 
particle entrapment and contact with the walls of the spacer. 

[15] In one embodiment of the spacer a unidirectional valve is provided proximate 
the mouthpiece. In another embodiment, the spacer is provided with at least one 
conical body that is collapsible, so that the spacer will occupy less storage space 
when not in use. 
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[16] Fig. 1 is a cross sectional side view of one embodiment of the spacer, further 
schematically illustrating flow of medication and the location of recirculation zones 
located within the chambers of the spacer. 

[17] Fig. 2 is a perspective view of the spacer of Fig. 1, looking from the spray 
inlet at the distal end of the spacer. 

[18] Fig. 3 is a partially cutaway side view of a variation of the spacer of Figs. 1 
and 2, showing a portion of the first conical body collapsed into the first chamber for 
storage purposes. 

[19] Fig. 4 is a partially cutaway side view of the spacer of Fig. 3, with the first 
conical body in the extended position for use. 

[20] Fig. 5 is a cutaway side view of another embodiment of the spacer showing a 
unidirectional valve proximate the mouthpiece and further showing the spray outlet 
of an MDI positioned for ejecting a medication spray into the spray inlet of the 
spacer. 

[21] Fig. 6 is a distal end view of the first conical body of the spacer, illustrating 
the orientation of the downstream air inlets. 

[22] Fig. 7 is a cutaway side view of another embodiment of the spacer, showing 
the use of an adapter which is used to attach the MDI at the spray inlet of the 
spacer. 
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[23] Fig. 8 is a schematic illustration of the continuous spray conduit (21) 
extending between the proximal (downstream) and upstream (distal) ends of the 
spacer as well as the downstream air inlets. 

[24] Fig. 9 is a perspective view of one embodiment of a unidirectional valve which 

may be used within the spacer of the present invention. 

[25] Fig. 10 is a top view of the unidirectional valve of Fig. 9. 

[26] Fig. 11 is a cross sectional side view of the unidirectional valve of Figs. 9 and 
10. 

[27] Fig. 12 is a perspective view of the rear (a) and front (b) view of the adapter 
used in the spacer embodiment of Fig. 7. 

[28] Fig. 13 is a schematic drawing of an alternate embodiment of the adapter 
used in the spacer of Fig. 7. 

[29] Figs. 14(a), (b) and (c) are rear views showing different geometries of the 
alternate embodiment adapter of Fig. 13. 

[30] Fig. 15 graphically shows the distribution of medication particle sizes 
delivered by the spacer of the present invention as compared to conventional 
spacers. 

[31] Fig. 16 graphically shows experimental performance data comparing the 
spacer of the present invention to conventional spacers, using an Andersen cascade 
impactor and conventional testing protocols. 
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[32] Fig. 17 is a side view of showing the dimensions of the embodiment of the 
spacer used in obtaining the performance results shown in Fig. 16. 
[33] Fig. 18 is a cross sectional end view of an embodiment of the spacer having 
an elliptical chamber geometry. 

[34] Fig. 19 is a cross sectional end view of an embodiment of the spacer having 
an oblong chamber geometry. 

DETAILED DESCRIPTION OF THE INVENTION 
[35] Referring to Figs. 1 and 2, the spacer of the present invention 10 includes 
spacer walls defining a first conical body 16 having a small diameter proximal end 
30, a large diameter distal end 34, and a distal end surface 22. The central portion 
of the distal end surface 22 of the first conical body is joined to, and in fluid 
communication with, a small diameter proximal end 32 of a second conical body 18. 
The first and second conical bodies 16, 18 have respective first and second internal 
chambers 116, 118 that generally define a continuous spray conduit 11 through the 
spacer 10 from the distal end 14 of the second conical body 18 to the proximal end 
30 of the first conical body 16. Preferably, a mouthpiece 28 will be formed in (or 
attached to) the proximal end 30 of the first conical body 16 such that the spray 
conduit 11 extends to the proximal end 12 of the spacer 10. A spray inlet 20 (Fig. 2) 
for attachment of an MDI or other medication dispensing inhaler is centrally 
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provided in the distal end surface 24 at the distal end 14 of the second conical body 
18. 

[36] Looking more particularly at Fig. 2, a plurality of circumferential air inlets 
26 are provided within the distal end surface 22 of the first conical body 16, to allow 
external air to pass into the first chamber 116. This external air supply is known to 
be needed to make-up (in addition to the small drug volume) the required 
inhalational air volume, and thereby prevent vacuum formation. However, as will 
be explained in more detail below, in the present invention the air inlets 26 are 
strategically placed in a location downstream from the spray inlet 24. Here the 
momentum of the air stream (velocities ~ 5 m/s) is comparable to that of the 
medicinal spray, unlike at the discharge end where the spay velocities are in excess 
of 50 m/s. This external, circumferential airflow provides a jacket, which minimizes 
spray contact with the walls of the first chamber 116. It also contributes to the 
creation of recirculation zones 19 in the first chamber 116, and recirculation zone 19 
in the now closed (unlike other spacers) second chamber 118, which also serve to 
constrain the movement of the medication spray to a general spray path 21 through 
the spacer 10. All of these features decrease the amount of drug deposited in the 
spacer and increase drug delivery to the patient. 

[37] Briefly, the method of providing an inhaled medication to the deep lung of a 
pediatric or breathing impaired patient includes dispensing a medication spray into 
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the spray inlet 14 of a spacer 10, controlling the spray path 21 in the spacer 10 at 
least in part by creating recirculation zones 19 downstream of the spray inlet 14 so 
that only a minimal amount of the medication contacts the interior surfaces of the 
spacer 10. 

[38] As more particularly shown in Fig. 6, in one embodiment of the spacer 10, the 
air inlets 26 are formed integral to the large diameter distal end surface 22 of the 
first conical body 16. In such embodiments, the air inlets 26 assist in limiting drug 
impaction loss by channeling the spray centrally down the spacer path due to 
judicious use of the external airflow momentum and generation of recirculation 
zones 19. The plurality of air inlets 26 may be evenly spaced about the large 
diameter end surface 22. In another embodiment shown in Fig. 6(b), the air inlet 
can be a fully circumferential slot with support structures. 

[39] As shown in Figures 3 and 4, the spacer 10 may be collapsible. As shown in 
Fig. 3, a proximal section 23 of the first conical body 16 can retract into a distal 
section 25 along the outwardly tapered wall when not in use, thereby reducing the 
overall length of the spacer 10 for ease of storage and portability. As shown in Fig, 
4, the proximal section 23 of the first conical body 16 can then be pulled out 
manually, thereby extending the effective length of the spray conduit 11 (Fig. 1) for 
use. The sliding motion of the proximal section 23 relative to the distal section 25 
results in an air-tight first chamber 116 through which the medication travels. In 
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one embodiment, the two sections provide an air tight seal enabled by a friction fit. 
A locking ring may be provided so that the two sections are held together in the 
collapsed state. 

[40] The spacer 10 may be constructed of any biologically inert material which is 
suitable for the intended function. Examples of the types of materials that may be 
used for the construction of the spacer include plastic, rubber, and light metal 
Some of the preferred materials are Polypropylene and PMMA (preferably 
additionally treated with permanent electrostatic discharge protection) and 
anodized metals (for example, aluminum) for the body. Silicone rubber may be used 
for the valve and the adapter. The spacer 10 may be manufactured as a single 
integral piece, or in multiple parts which may then be bonded or removably 
attached for use. 

[41] As noted above, the geometry of the spacer 10 and the downstream air inlets 
26 cooperate to generate one or more recirculation zones 19 inside the chambers 
116, 118 when the medication spray enters the spacer 10. The recirculation zones 
19 provide two benefits. First, they reduce undesirable contact between the 
medication particles and the walls of the spacer 10. Second, they tend to constrain 
the spray to a defined spray path 21 (Fig. 1) through a central portion of the 
chambers 116, 118. This reduces entrapment of medication particles in the spacer 
10, maintains flow energy, and maintains proper particle duration and heat 
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exchange rates within the chambers 116, 118. Fig. 8 schematically shows the 
arrangement of the air inlets 26 with respect to the upstream (distal) end 14 and a 
downstream (proximal) end 12. The air inlets 26 may be circular or oblong shape 
or may be formed as a rectangular slot. 

[42] Modifications to the location, size, number, and shape of the air inlets 26 
impact the generation and function of the recirculation zones 19. Additionally, the 
shapes of the first chamber 116 and second chamber 118 are also involved in 
determining the functionality of the recirculation zones 19. Accordingly, the air 
inlets 26 and the shapes of the chambers 116, 118 have a critical impact upon the 
amount of medication which impacts the walls of the spacer 10 and is not available 
for inhalation by the patient. Although this invention is not bound by mechanism 
or theory, high pressure recirculation zones are generated by the propulsion of the 
medication spray into the spacer 10 in combination with the air which enters the 
spacer 10 through the air inlets 26 and the number and geometry of the chambers 
of the spacer 10. Computer simulation techniques based on principles of 
computational fluid dynamics may be used to optimize chamber and air inlet 
geometries. 

[43] For example, certain physical embodiments of the spacer 10 of the present 
invention can effectively utilize high-pressure recirculation zones an dair inflow 
energy to increase the efficacy of drug delivery to the deep lung as compared to 
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conventional spacers, while maintaining drug particle sizes in the desired range of 
3.0 to 5.0 microns. Accordingly, in certain embodiments of the spacer 10, the first 
conical body will have an axial length of approximately 80 mm, a small (proximal 
end) diameter of approximately 1 mm, and a large (distal end) diameter of 
approximately 22 mm. The second conical body will have an axial length of 
approximately 40 mm and the size of the proximal and distal ends are similar to the 
first conical chamber. In this embodiment, two rectangular (oblong) air inlets 26 
having a diameter of approximately 1mm are evenly distributed about the distal 
end surface 22 of the first conical body 16. 

[44] Referring now to Figures 5, 7 and 12, the spacer 10 of the present invention is 
shown with an adapter 50 configured to engage a conventional metered does inhaler 
38 such that the spray outlet 39 of the inhaler 38 is secured and positioned to 
deliver a medication dose or spray into spray inlet 20. The adapter 50 may be fully 
integrated with the spacer 10 during the molding procedure, such that the adapter 
50 is made of the same material as the spacer 10. In alternate embodiments, the 
adapter 50 may be a removable piece which is attached to the spacer 10. The 
adapter 50 has a flexible opening 52, as shown in Fig. 12. Materials which may be 
used for constructing the adapter 50 include rubber, soft plastics, or metals such as 
aluminum, which are well known to those in the art. Spokes 54 are arranged 
around the adapter opening 52 to maintain correct alignment of the spray outlet 39 
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with the spray inlet 20. As shown in Figure 13, the adapter opening 52 can taper 
inwardly to prevent over-penetration of the spray outlet 39. As shown in Figure 12, 
an O-ring 56 may be used to further promote proper alignment and inhibit over- 
penetration. 

[45] Figures 14(a)-(c) illustrate different embodiments of the opening 52 of the 
adapter 50. The opening 52 may be octagonal (c), circular (b), or oblong (a). The 
opening 52 forms an air-tight seal between the adapter 50 and the medication 
dispenser 38. 

[46] As shown in Figs. 1-7, a unidirectional valve 36 may be provided at the 
proximal end 30 of the first conical body 16. Certain patients, such as the elderly 
and the young, frequently do not inhale at the proper time to maximize oral intake 
of medication into the deep lung. Accordingly, in addition to the spacer 10 assisting 
with the deposit of medication within the deep lungs of the patient, a unidirectional, 
or one-way, valve is useful to allow the patient to inhale the medication while 
preventing the patient from exhaling and expelling the medication from the spacer 
10. 

[47] The one-way valve 36 may be a tri-leaflet valve as shown in Figs. 9-11. Other 
one-way valves known in the art, such as bi-membrane or single membrane valves, 
may be also be used. In one embodiment, the tri-leaflet valve is fabricated in a 
single piece. In an alternate embodiment, three one-piece membranes 40 are 
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supported by spokes 42, as shown in Fig. 10. The valve membrane(s) and 
supporting spokes 42, if present can rest on an O-ring 44. Each of the membranes 
40 is constructed of a thick material at the position most distal from the O-ring 44 
and with thinner material more proximate to the O-ring 44, as shown in Fig. 11. 
The thickness of the material will help maintain a strong seal between the 
membranes 40 and prevent the membranes 40 from opening in reverse. In an 
alternate simpler configuration, the valve is held in place between the spacer first 
chamber 116 and the mouthpiece 28 by a friction fit. The unidirectional valve 36 
provides the advantage of allowing an increased air flow for a given suction, or 
inhalation pressure. The unidirectional valve 36 also minimizes backflow when the 
user or patient exhales. The unidirectional valve 36 also minimizes the amount of 
medication which is deposited on the valve surface. 

[48] As shown by performance testing, the spacer 10 of the present invention 
provides improved results with regard to the delivery of medication as compared to 
other commercially available spacers. As shown in Fig. 15, the spacer 10 of the 
present invention (labeled "CFDRC") delivers a higher percentage of drug particles 
with sizes in the preferred range of 3-5 microns. Also, the present invention 
delivered a greater fraction of drug to the patient, as shown in Figure 16. The 
dimensions of the spacer used to achieve the results shown in Figs. 15 and 16 are 
shown in Figure 17. 
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[49] Although a preferred embodiment of the spacer has been described as having 
first and second bodies or chambers with a conical geometry, the spacer 10 can also 
be configured with elliptical bodies 16, 18 and chambers 116, 118 as shown in Fig. 
18 or oblong bodies 16, 18 and chambers 116, 118 as shown in Fig. 19. 
[50] Thus, although there have been described particular embodiments of the 
present invention of a new and useful "Spacer for Delivery of Medications from an 
Inhaler to Children and Breathing Impaired Patients" it is not intended that such 
references be construed as limitations upon the scope of this invention except as set 
forth in the following claims. 
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